Global interest in mitigating climate change effects is a driver for the development of renewable energy sources. In-stream tidal power, a type of marine hydrokinetic (MHK) energy uses tidal currents to generate electricity and is one example of developing a renewable energy industry. Effects and impacts on fishes in areas of tidal power development are a consideration, and presently there are many unanswered questions in this field of research. Knowledge of how fish use these areas before and after device installation is essential to informing regulators for decision-making. We attempted a Before-After-Control-Impact (BACI) study design to compare an index of fish density near and away from an MHK tidal energy device deployed in Cobscook Bay, Maine. The index was mean volume backscattering strength (S v ) obtained from 24-hour stationary, down-looking hydroacoustic surveys. Data were collected several times per year at an "impact" site within 50-75 m of a device and at a "control" site approximately 1.6 km away, both before and after turbine installation in August 2012. Fish density was lowest in March surveys and highest in May surveys at both sites. One of four comparisons (August 2011/before vs. 2012/after) indicated an interaction of fish density with turbine installation. Operational status of the installed turbine and on-water activity disturbances (e.g., industry vessel and diving activities) varied at the impact site and possibly influenced results. Lower fish densities were observed during installation and maintenance periods than during normal device operation. The effects of construction activities must be separated from the effects of a deployed device to effectively implement a statistically rigorous assessment that could separate the effects of these different activities. This parsimonious approach and results were used for permit licensing by federal and state regulatory bodies at this site and others and can be used to consider regulatory adjustments during different phases of device operation and maintenance.
Introduction
Development and deployment of marine hydrokinetic (MHK) tidal energy devices represent a concerted effort to mitigate environmental concerns of climate change via the development of a new sector of low-carbon-emission renewable energy. Tidal energy's inclusion in a renewable energy portfolio, while currently limited to certain geographical locations, is expected to have positive impacts on reducing carbon emissions [1, 2] . MHK devices are planned for and have been deployed in areas of fast tidal currents [3] . Realization of expected positive effects of this development will require technological research to advance from pilot experiments to commercial installations and in-water testing [4, 5] . Such testing requires permission from regulatory institutions. As such, the process of regulation and decision-making must happen simultaneously for the advancement The Cobscook Bay Tidal Energy Project (CBTEP) was implemented by Ocean Renewable Power Company, Maine (ORPC) LLC and revolved around their MHK device, the TidGen ® Power System. This device consisted of a turbine unit supported by a steel bottom support frame (BSF) fixed to the seafloor by 10 piles (Figure 1 ). The BSF was installed on the seafloor in March 2012, and the turbine unit was installed on the BSF in August 2012. Natural variation in fish density in space and time can be difficult to separate from effects related to the device, so we attempted a Before-After-Control-Impact (BACI) study to account for site-specific differences and natural temporal variation while assessing device effects on fish density. While BACI sampling and analyses are particularly suited to differentiating effects of an event from natural variability, and they have been effectively used in previous research on fish and environmental stressors [36, 37] completing a full design was not within the scope of this work due to the difficulty of sampling and unpredictable conditions that prevailed [36] . As such, data were collected at the device ("impact") site and at a "control" site farther away, both before and after device installation. Interaction plots were used to answer the questions: would relative fish density in the area change because of device presence? We hypothesized that there would be a change in relative fish density after device installation compared to before. The Cobscook Bay Tidal Energy Project (CBTEP) was implemented by Ocean Renewable Power Company, Maine (ORPC) LLC and revolved around their MHK device, the TidGen ® Power System. This device consisted of a turbine unit supported by a steel bottom support frame (BSF) fixed to the seafloor by 10 piles (Figure 1 ). The BSF was installed on the seafloor in March 2012, and the turbine unit was installed on the BSF in August 2012. Natural variation in fish density in space and time can be difficult to separate from effects related to the device, so we attempted a Before-After-Control-Impact (BACI) study to account for site-specific differences and natural temporal variation while assessing device effects on fish density. While BACI sampling and analyses are particularly suited to differentiating effects of an event from natural variability, and they have been effectively used in previous research on fish and environmental stressors [36, 37] completing a full design was not within the scope of this work due to the difficulty of sampling and unpredictable conditions that prevailed [36] . As such, data were collected at the device ("impact") site and at a "control" site farther away, both before and after device installation. Interaction plots were used to answer the questions: would relative fish density in the area change because of device presence? We hypothesized that there would be a change in relative fish density after device installation compared to before. 
Materials and Methods

Data Collection and Study Area
We used a Simrad ES60 echosounder (Horten, Norway) with a single beam Simrad 38/200 Combi W transducer which operated simultaneously at 38 and 200 kHz and had a 31° half-power beam angle. Both frequencies had a pulse duration of 0.512 ms and a ping rate of 2 Hz. Transmit power was 320 W for 38 kHz and 225 W for 200 kHz. The only exception to these collection settings was in March 2011, when the pulse duration was 0.256 ms for both frequencies and transmit power was 200 W for 38 kHz and 225 W for 200 kHz. We calibrated the echosounder annually on a frozen lake prior to that year's surveys. A frozen lake provided a stable platform that allowed precise placement of copper calibration spheres (60.0 mm for 38 kHz and 13.7 mm for 200 kHz) on the maximum response axis of the acoustic beam. These calibrations were performed for both sets of echosounder settings used during surveys. In-situ on-axis calibrations were performed once every survey during slack tide to ensure consistent system performance.
All data were collected in outer Cobscook Bay ( Figure 2) at an "impact" site where the ORPC device was installed (44°54.60′ N, 67°02.74′ W) and at a "control" site 1.6 km seaward (44°54.04′ N, 67°01.71′ W). The transducer was mounted 1.8 m below the water surface on the port side of a 12.2 m 
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Data Collection and Study Area
We used a Simrad ES60 echosounder (Horten, Norway) with a single beam Simrad 38/200 Combi W transducer which operated simultaneously at 38 and 200 kHz and had a 31 • half-power beam angle. Both frequencies had a pulse duration of 0.512 ms and a ping rate of 2 Hz. Transmit power was 320 W for 38 kHz and 225 W for 200 kHz. The only exception to these collection settings was in March 2011, when the pulse duration was 0.256 ms for both frequencies and transmit power was 200 W for 38 kHz and 225 W for 200 kHz. We calibrated the echosounder annually on a frozen lake prior to that year's surveys. A frozen lake provided a stable platform that allowed precise placement of copper calibration spheres (60.0 mm for 38 kHz and 13.7 mm for 200 kHz) on the maximum response axis of the acoustic beam. These calibrations were performed for both sets of echosounder settings used during surveys. In-situ on-axis calibrations were performed once every survey during slack tide to ensure consistent system performance.
All data were collected in outer Cobscook Bay ( Figure 2 ) at an "impact" site where the ORPC device was installed (44 • 54.60 N, 67 • 02.74 W) and at a "control" site 1.6 km seaward (44 • 54.04 N, 67 • 01.71 W). The transducer was mounted 1.8 m below the water surface on the port side of a 12.2 m boat that was moored at these sites for consecutive 24-hour periods. During each 24-hour survey, the boat changed positions (<100 m) as it swung around its mooring with the change of each tide. The depth at the impact site was approximately 24 m at low tide and 33 m at high tide, and at the control site, depth was approximately 33 m at low tide and 42 m at high tide. The tidal current speeds were similar at both sites, and in fact, the control site was a previously slated site for turbine deployment. Surface current speeds in the area were measured with a flowmeter (Marsh McBirney, Frederick, MD, USA) or Acoustic Doppler Current Profiler (ADCP) (RD Instruments) and were typically less than 2.0 m·s −1 but as fast as 2.5 m·s −1 at maximum flow during a spring tide. In 2011, surface temperature was collected using the transducer's temperature sensor, and salinity was measured with a hand-held refractometer (Sper Scientific 300011, Sper Scientific, Scottsdale, AZ, USA). In 2012-2013, we deployed a conductivity, temperature, and depth (CTD) sensor (SeaBird Scientific SBE19, SeaBird Scientific, Bellevue, WA, USA) during at least one slack tide per survey for salinity and temperature profiles. boat that was moored at these sites for consecutive 24-hour periods. During each 24-hour survey, the boat changed positions (<100 m) as it swung around its mooring with the change of each tide. The depth at the impact site was approximately 24 m at low tide and 33 m at high tide, and at the control site, depth was approximately 33 m at low tide and 42 m at high tide. The tidal current speeds were similar at both sites, and in fact, the control site was a previously slated site for turbine deployment. Surface current speeds in the area were measured with a flowmeter (Marsh McBirney, Frederick, MD, USA) or Acoustic Doppler Current Profiler (ADCP) (RD Instruments) and were typically less than 2.0 m·s −1 but as fast as 2.5 m·s −1 at maximum flow during a spring tide. In 2011, surface temperature was collected using the transducer's temperature sensor, and salinity was measured with a handheld refractometer (Sper Scientific 300011, Sper Scientific, Scottsdale, AZ, USA). In 2012-2013, we deployed a conductivity, temperature, and depth (CTD) sensor (SeaBird Scientific SBE19, SeaBird Scientific, Bellevue, WA, USA) during at least one slack tide per survey for salinity and temperature profiles. Impact and control sites were surveyed in March, May, June, August, September, and November in 2011, March, May, August, and September 2012 and March 2013. All surveys were scheduled on neap tides to avoid potential confounding effects from lunar tidal harmonics [32] . In each survey, data were collected continuously for 24 h to capture both diel and tidal periodicities [26, 32] . There were two exceptions to this: the control site survey in March 2012 was split across two days (29 February and 2 March) because of poor weather. There were no June 2012 data because the impact site was not accessible during preparations for turbine installation, and only 20 h of data were collected for the August 2012 survey due to electronic complications with the echosounder.
The TidGen ® BSF was installed prior to the May 2012 survey on 4 April 2012, and the turbine was installed in August 2012, two weeks before that month's survey. The turbine spanned 6.7-9.5 m above the seafloor. The turbine's operational state was different for each of the three surveys carried out with the completed device (Table 1 ). In the August 2012 survey, the turbine was not rotating and thus not generating electricity. The turbine was fully operational (rotating and generating electricity) during the September 2012 survey, except for part of the time during the survey at the control site. In March 2013, the turbine was rotating but not generating electricity (free spinning). Table 1 . Comparisons of mean volume backscattering strength (Sv) data collected at impact and control sites before and after the TidGen ® was installed, with device operational status. Impact and control sites were surveyed in March, May, June, August, September, and November in 2011, March, May, August, and September 2012 and March 2013. All surveys were scheduled on neap tides to avoid potential confounding effects from lunar tidal harmonics [32] . In each survey, data were collected continuously for 24 h to capture both diel and tidal periodicities [26, 32] . There were two exceptions to this: the control site survey in March 2012 was split across two days (29 February and 2 March) because of poor weather. There were no June 2012 data because the impact site was not accessible during preparations for turbine installation, and only 20 h of data were collected for the August 2012 survey due to electronic complications with the echosounder.
The TidGen ® BSF was installed prior to the May 2012 survey on 4 April 2012, and the turbine was installed in August 2012, two weeks before that month's survey. The turbine spanned 6.7-9.5 m above the seafloor. The turbine's operational state was different for each of the three surveys carried out with the completed device (Table 1 ). In the August 2012 survey, the turbine was not rotating and thus not generating electricity. The turbine was fully operational (rotating and generating electricity) during the September 2012 survey, except for part of the time during the survey at the control site. In March 2013, the turbine was rotating but not generating electricity (free spinning). 
Data Processing and Analysis
All hydroacoustic data processing was conducted using Echoview ® software [38] . Calibration parameters from the winter calibrations were applied to the raw acoustic backscatter data, and sound speed and absorption coefficients were calculated based on water temperature and salinity collected during surveys. A known systematic triangle wave error in data collected with a Simrad ES60 echosounder was investigated and found to be negligible [26] . Using 38 kHz backscatter echograms, a bottom line 0.5 m above bottom was created and smoothed using Echoview ® algorithms. Data below this line were excluded from processing.
The data were scrutinized for noise (acoustic signal from non-target sources), which were then removed from analyses. This included entrained air, which often contaminated the upper 10 m of the water column and masked signal from fish. Additionally, data from the bottom 3 m of the water column were removed in May 2011 at both sites due to the presence of a lobster trap and line that remained in the beam for most of the survey. The simultaneous use of ADCPs (one on the boat and one deployed on the seafloor at the impact site) resulted in noise spikes consisting of single contaminated pings in both the 38 and 200 kHz hydroacoustic data. To remove this noise, each ping was compared to those on either side and if the magnitude of the difference between them was above a threshold of 10 dB, the contaminated ping was replaced by interpolating between its adjacent pings [39, 40] .
The 38 and 200 kHz backscatter data were dB differenced using ∆MVBS analysis [41] [42] [43] [44] . Most data processing methods followed by Korneliusson et al. [45] . The following processing steps were taken for all backscatter data (S v ): (1) data were smoothed and background noise was removed. (2) noise outliers were removed using a series of median filters followed by erosion and dilation filters. Data from running ebb and flood tides, but not slack tides, were analyzed because we were most concerned with fish interactions with a rotating turbine, and the turbine would be static during slack tides. Removing slack tide data also eliminated the possible effects of lengthy detections of the same fish while ensonified in the sound beam for long periods of time, as well as effects of unpredictable boat movements (e.g., swinging about the mooring, along with pitch, roll, and heave which increased when currents were slow). We defined slack tides as the times when the boat was not stable against a taut mooring line, which usually amounted to a time span of 1 hour. Additionally, only data from 0 to 15 m above the seafloor were analyzed to standardize comparisons between the control and impact sites, remove the turbulence in the surface 10 m, and to focus analyses on the depths encompassing the turbine. Ebb and flood tide data were divided into bins that were 2 h wide by 15 m high (except for May 2011 where data from 0-3 m was removed due to fishing equipment interference), measured upward from the seafloor. Two-hour bins were used to ensure that each sample was independent (no autocorrelation at the 5% significance level). S v , the index of fish density used here, was then calculated and exported from each 2-h bin. S v is a measure of sound scattered by acoustic targets (in this case, fish) in a unit volume of water, has units of decibels (dB re 1 m −1 ), and is assumed to be proportional to fish density [27, 46] .
Statistical analyses were not performed due to small sample sizes and violations of the assumptions of the standard BACI design (primarily confounding factors [36] ). Interaction plots of mean S v values before and after for both the impact and control sites were used to describe possible interaction effects. A possible effect was defined as opposing and crossing slopes of the S v values of the before/after impact site compared to the before/after control site. Interaction effect size was the difference in mean change in S v between the two sites. effect size = S va f ter control − S vbe f ore control ) − S va f ter impact − S vbe f ore impact
Results
The control and the impact sites had similar trends in relative fish densities, with generally low densities in March and relatively higher in May for all years sampled (Figure 3) . At both sites, fish densities were apparently higher in May 2012 than in May 2011, and other months sampled across years did not show such large annual variation (Figure 3 ). encompassing the turbine. Ebb and flood tide data were divided into bins that were 2 h wide by 15 m high (except for May 2011 where data from 0-3 m was removed due to fishing equipment interference), measured upward from the seafloor. Two-hour bins were used to ensure that each sample was independent (no autocorrelation at the 5% significance level). Sv, the index of fish density used here, was then calculated and exported from each 2-h bin. Sv is a measure of sound scattered by acoustic targets (in this case, fish) in a unit volume of water, has units of decibels (dB re 1 m −1 ), and is assumed to be proportional to fish density [27, 46] . Statistical analyses were not performed due to small sample sizes and violations of the assumptions of the standard BACI design (primarily confounding factors [36] ). Interaction plots of mean Sv values before and after for both the impact and control sites were used to describe possible interaction effects. A possible effect was defined as opposing and crossing slopes of the Sv values of the before/after impact site compared to the before/after control site. Interaction effect size was the difference in mean change in Sv between the two sites.
The control and the impact sites had similar trends in relative fish densities, with generally low densities in March and relatively higher in May for all years sampled (Figure 3) . At both sites, fish densities were apparently higher in May 2012 than in May 2011, and other months sampled across years did not show such large annual variation (Figure 3 ). Table 1 for details on turbine operational state during each "after" survey at the impact site.
Median fish density at the impact site was higher than the control site when only the bottom support frame (BSF) was present without the device in May 2012. This same difference was observed prior to the installation of the BSF in May 2011. Overall fish density was higher in May 2012 at both sites than May 2011 (Figure 3) , but there was no interaction (Table 1, Figure 4 ). Table 1 for details on turbine operational state during each "after" survey at the impact site.
Median fish density at the impact site was higher than the control site when only the bottom support frame (BSF) was present without the device in May 2012. This same difference was observed prior to the installation of the BSF in May 2011. Overall fish density was higher in May 2012 at both sites than May 2011 ( Figure 3 ), but there was no interaction (Table 1, Figure 4 ). Median fish density was higher at the control site than the impact site when the turbine was present but braked (static) in August 2012. Median fish density was lower at the control site compared to the impact site prior to the installation of the turbine and BSF in August 2011 (Figure 3 ). There was an interaction (slope of the Impact line opposes and crosses the Control line) between the control and impact sites in August 2011 (before) and 2012 (after) the turbine was installed (Table 1, Figure 4 ). The effect size for this interaction was 6.2 dB.
Median fish density was similar at the control site and impact site when the turbine was present, rotating, and producing power in September 2012 (Figure 3 ). Median fish density was also similar at the control site than the impact site in September 2011, but with the 90th and 95th percentiles above the range of the impact site. There was no interaction for September sites (impact and control) before and after installation (Table 1, Figure 4 ).
In the March 2012 survey, prior to BSF and turbine installation, median fish density was similar at the impact site and the control site. After installation, when the device was present and rotating but not generating electricity (2013), median fish density was also similar at the impact site and control site with no interaction (Table 1, Figure 4 ).
Discussion
Fish density at the Cobscook Bay tidal energy site was found to vary noticeably over the course of each year sampled, in agreement with previous work at this site [26, 29, 32] . While BACI sampling is particularly suited to differentiating the effects of an event from natural variability, and they have been effectively used in previous research on fish and environmental stressors [36, 37] we were not able to fully employ the statistical design in this study due to physical difficulties of sampling these habitats resulting in low sample size and confounding effects of (1) the turbine condition changing between sampling periods and (2) apparent response of the fish consistent with behaviors related to ancillary conditions related to the turbine installation (see next paragraph). With these now known confounding effects, this experimental design can be more fully implemented in energetic, dynamic tidal energy sites, where natural spatial and temporal variation in fish presence is high [32] .
One of the four paired samples indicated a possible interaction effect of the non-operational MHK device presence on fish density. The only apparent device effect was seen in the August 2011 vs. 2012 comparison, when the turbine was not rotating and was effectively an extension of the BSF. Given the other three comparisons (May, September, and March) indicating no interaction effects of either the BSF alone or of the entire device (in various operational states), the significant difference observed in August was related to something other than turbine operation. One probable explanation is on-water/construction activity occurring at the impact site. The August 2012 survey took place just two weeks after the turbine installation, and there were ongoing vessel and diver activity at that time, both of which previously have been found to affect fish [34, 35, 47, 48] . Separating effects of a known stressor (e.g., an operating turbine) from unquantified stressors (e.g., on-water activities) can prove Median fish density was higher at the control site than the impact site when the turbine was present but braked (static) in August 2012. Median fish density was lower at the control site compared to the impact site prior to the installation of the turbine and BSF in August 2011 (Figure 3 ). There was an interaction (slope of the Impact line opposes and crosses the Control line) between the control and impact sites in August 2011 (before) and 2012 (after) the turbine was installed (Table 1, Figure 4) . The effect size for this interaction was 6.2 dB.
One of the four paired samples indicated a possible interaction effect of the non-operational MHK device presence on fish density. The only apparent device effect was seen in the August 2011 vs. 2012 comparison, when the turbine was not rotating and was effectively an extension of the BSF. Given the other three comparisons (May, September, and March) indicating no interaction effects of either the BSF alone or of the entire device (in various operational states), the significant difference observed in August was related to something other than turbine operation. One probable explanation is on-water/construction activity occurring at the impact site. The August 2012 survey took place just two weeks after the turbine installation, and there were ongoing vessel and diver activity at that time, both of which previously have been found to affect fish [34, 35, 47, 48] . Separating effects of a known stressor (e.g., an operating turbine) from unquantified stressors (e.g., on-water activities) can prove difficult [49] and result in the inability to apply valid statistical comparisons [36] . While BACI study design does not require all stressors to be measured to detect potential effects of the one in question, it does require unquantified stressors to be similar at both the impact and control sites. Vessel and diver activity are unlikely to be replicated at control sites, so to avoid erroneously attributing changes in fish presence to MHK devices, it is important that future studies attempt to quantify this and other likely stressors as much possible.
Effects of on-water activities on animal presence at marine renewable energy sites have been observed at other locations and suggest construction timing may result in unforeseen indirect effects on additional ecosystem components. Research on juvenile pink salmon (Oncorhynchus gorbuscha) and chum salmon (O. keta) distribution in Puget Sound showed lower fish abundance at a construction site during days of pile driving compared to days without [50] . At offshore wind installations, little tern (Sternula albifrons) [51] studies were used to correlate negative impacts of mono-pile installation on herring spawning success, which created a trophic effect of less forage for little tern chicks. The authors urged precaution of installation timing and associated pile-driving activity. Existing research, along with results presented here, suggests that the effect of construction activities should be separated from the effect of a deployed, operational MHK device, and managed separately.
Fish reactions to a tidal power device may vary based on their encounter with a static (BSF) or dynamic device component. Differences in fish density near the TidGen ® turbine were also observed in a separate study that used fish vertical distribution [29] , and smaller horizontal bin size (30 min). The vertical distribution of fish in that study was significantly different after device installation in the same August comparison as well. Shen et al. [16] used fish vertical distributions and other hydroacoustic data to model the probability of fish encountering the deployed TidGen ® MHK device. They determined the probability of fish upstream of the device encountering the entire device (BSF and turbine, 0-9.5 m above the bottom) was approximately 50%, and the probability encountering just the turbine (6.7-9.5 m above the bottom) was approximately 6%, depending on diel conditions (night or day). If only those fish at the depth of the turbine (~6% of the water column total S v ) modify their behavior (e.g., in response to dynamic device component) by vertical [29] or horizontal movement, it is likely that the change in water column density or vertical distribution would be difficult to observe and statistically insignificant. However, if fish encountering the entire device (~50% of the water column total S v ) change their behavior (in response to both the dynamic and static device components), the change would be more evident since more fish are moving. As such, the interaction observed in the August data from this study and Staines et al. [29] may reflect fish changing their distribution elsewhere in the water column, not just at the depth of the dynamic turbine component of the TidGen ® device. It may be necessary to determine if the mechanisms resulting in behavior change are a response to a device is related to its dynamic parts only, the static components or both. This will be important since behavioral changes have the potential to affect fish immigration and emigration through these high energy areas targeted for tidal power devices, potentially influencing larger-scale population responses to this anthropogenic influence.
The index of fish density used in this work was mean volume backscattering strength (S v ) of the lower 15 m of the water column, from data obtained with a single beam echosounder. Other research applications using down-looking hydroacoustics scale backscatter with target strength information provided by split-beam transducers or apply statistical deconvolution techniques to scale backscatter with fish size for density or abundance estimates [27, 52, 53] . Their goals were different from those of this study and the scaling of S v with TS can introduce bias that using unscaled S v does not. We chose not to attempt to scale S v in these ways, as our goal was not to separate species by target strength or create absolute fish density estimates. Instead, we wanted to generate an index of fish presence at the project and control sites as a baseline assessment. Single-beam echosounders are less expensive than split-beam models and were financially ideal for early-stage monitoring efforts. The use of dual-frequency (38 and 200 kHz) hydroacoustics enabled the application of dB differencing processing methods that removed the majority of unwanted zooplankton backscatter from that of fish, resulting in a good density index of fishes that may be exposed to the MHK device at the times surveyed. This index is a composite suite of the mixed fish assemblage present in Cobscook Bay [22] .
The changes in fish density around a single deployed device are unlikely to be representative of a larger disturbance in the form of operational, commercial-scale arrays. A single device presents little in the way of an obstacle when compared to the entire cross-sectional area of a tidal channel like outer Cobscook Bay. However, the probability that multiple devices will disrupt movement, whether small-scale daily excursions or large-scale migrations, is yet to be tested and will present a new set of challenges for separating the effects of environmental variables from those of an MHK device array. Similar challenges have been associated with birds and bats around wind turbines. Doty and Martin [54] studied a single pilot turbine for one year in South Africa and noted 18 bat casualties and 1 bird casualty. Like our study, they referenced a single pilot device and showed an effect on bats and birds. However, a single operational device is difficult to scale-up to several devices or an array. Associated scaling of monitoring to capture differences between single devices and arrays is developing, as there are also studies referencing large-scale arrays that also find bat and bird mortality [55] . The array studies did not develop from single device studies and without the early, single-device monitoring, it is difficult to say how effects differ with the increasing number of devices. Monitoring should begin as early as possible in the research and development stage for any new technology, and this should include single pilot device research. The referenced bird and bat studies, along with this research, show that as renewable energy industries move forward, it will be important to continue research on fish behavior around deployed devices during installation and deployment. Effects and potential impacts could change such as large-scale ecosystem cascades from lack of forage fish for piscivorous species [56] . Early-stage, single-device monitoring can provide preliminary data on potential effects of devices on fish and provide the basis for array-stage research questions and sampling methods to answer them.
Conclusions
Effects of installing an MHK device on fish density in its surrounding tidally dynamic area were demonstrated here. While this, along with other factors, confounded the full implementation of a BACI design, valuable information was gained that should influence future monitoring activities at MHK sites. The impact of these effects on the fish assemblage in the region is yet unknown. Other construction-related disturbances in the area in combination with the TidGen ® deployment may explain the observed fish density difference. Device installation, maintenance, and decommissioning will likely prove to be times of highest disturbance around MHK devices [57] . It will be important to time such activities to avoid major fish migrations or presence of endangered and threatened species. Insight from this research has aided permitting for local and regional regulatory bodies, industry, and local stakeholders to make decisions regarding the social and legal acceptance of tidal power development and future device deployments [6] . Continued research is needed in the area of fish monitoring, along with other environmental assessments (e.g., mammals, birds, underwater noise), to allow this renewable energy source to develop into a sustainable, commercially viable market to further enable carbon emission mitigation of climate change effects. 
